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SYSTEM AND METHOD FOR CONTROLLING ENVIRONMENT MAINTENANCE 

EQUIPMENT 

Inventors: David EKronk 

BACKGROUND AND SUMMARY OF THE INVENTION 
The present invention relates generally to a system and method for controlling 
environment maintenance equipment and more particularly, to a system and method for 
interfacing of external software systems with automatic environment maintenance equipment. 

Automatic environment maintenance systems are used for controlling various outdoor 
environments such as golf courses and ski runs. These outdoor environment maintenance 
systems may be comprised of many pieces of equipment such as irrigation sprinklers and 
controllers, weather stations, constant pressure pumpstations, compressor stations, water supply 
pumpstations, sewage controllers, snow guns and controllers, mowers, chair lifts, snow grooming 
vehicles, etc. Each component may be comprised of one or more electronic or mechanical 
devices that control various functions related to operation of the equipment maintenance system. 
For example, pumpstations may be comprised of multiple pumps, motors, valves, piping 
instrumentation, controls, and switchgear integrated and operating together to provide variable 
water flow at constant pressure to irrigation sprinkler heads or snowmaking guns. The 
pumpstation may further be adapted to collect and analyze data related to water flow, water 
pressure, pump cycling, pump hours, and alarms. Various devices connected to a weather station 
may be used to measure temperature, relative humidity, wind speed, wind direction, barometric 
pressure, soil temperature, lightning strikes, rainfall, or snowfall. Weather data from these 
devices may be important in setting values for other controls on the equipment that comprises the 
environment maintenance system. 
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Software systems for controlling certain components of environment maintenance 
systems are known. Typically, these software systems rely on physical, serial port connections 
between software modules and a particular set of devices. The software modules are 
implemented using procedure calls and serial port reads to access data needed by the software. 
Each one of the various software modules may control a particular device or a subset of devices. 
For example, at a golf course, irrigation control software may be used to control one set of 
devices while pumping station management software may be used to control another set of 
devices. For a ski resort, different software modules may control pumpstations, snowguns, lifts, 
grooming vehicles, and weather stations. There is no mechanism for integrating the separate 
software packages because the devices are "incompatible" and require different user interfaces. 
Consequently, a user must learn to use each software package that controls a device or set of 
devices. 

Using current methods for developing environment maintenance systems, when a device 
is modified, modifications to the corresponding software module are required to take advantage 
of the additional functionality in the device. When a system device is added, an entirely new 
software module may be implemented to control the new device. It may further be necessary to 
add a new serial port for interfacing the software module and device. As each new device 
requires an additional physical connection and software module for controlling the device, 
expanding the system to include additional features and functionality is time-consuming and 
cumbersome. 

Disparities in the operation of various pieces of equipment make it difficult for personnel 

to manage an outdoor environment. Different systems that may comprise many pieces of 

equipment are typically operated independently from one to the next with the same management 
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personnel responsible for their operation. At major ski resorts, these systems can be spread out 
over many square miles of alpine terrain with substantial investment needed in labor and vehicles 
to monitor and maintain them on a daily basis. Consequently, there is a need for an environment 
maintenance system that supports seamless communication with the equipment that comprises 
5 the system. 

The present invention overcomes many of the disadvantages in current automated 
environment maintenance equipment systems. The present invention is a system and method for 
monitoring and managing environment maintenance equipment devices that is based on an open, 
client-server architecture. The present invention is a modular system that takes advantage of 
:%0 current technologies and primarily, Internet technologies. In a preferred embodiment of the 
present invention, distributed, custom controls handle interactions with the devices that comprise 
HI the environment maintenance equipment system. These controls may be used to create an 
L. application or may be referenced from within HTML pages to create custom web browser 
jj interfaces to various devices. Using the present invention, integrated environment equipment 
rt5 maintenance systems may be developed for golf course applications, for ski resort applications, 
for other recreational areas, or for any application involving monitoring and managing of an 
outdoor environment. 

The controls of the present invention communicate with each other using a common 
messaging control. In a preferred embodiment of the invention, a messaging control sends and 
20 receives asynchronous, text messages via the web standard TCP/IP protocol. Messaging over 
direct/dial-up serial port connections may be handled via a separate COMM to TCP/IP routing 
control. Due to the distributed nature of TCP/IP, the various system devices need not be located 



on the same machine to interact or function. The system devices or equipment may be on other 
machines on a LAN or out on the Internet, 

In the present invention, clients or user interfaces make requests to servers as well as peer 
clients for information and receive responses via text messages. The text messaging feature of 
the present invention provides a loosely coupled client-server or peer-to-peer system of 
components. Consequently, it is easy to separate and rearrange the devices of the system to 
create different configurations for different applications. In a preferred embodiment of the 
present invention, using the TCP/IP backbone of the Internet and Intranets for sending the text 
messages allows system devices to be very distributed. Distributing components decreases the 
need to have numerous physical connections and other resources on a single computer. The 
messaging control features of the present invention provide a transparent way of multiplexing 
access to otherwise dedicated physical device connections. 

The architecture of the present invention allows devices to be controlled from remote 

locations. Because control is based on text messaging, any remote device that supports text 

messaging may be used to control the devices of an environment maintenance system. For 

example, personal computers, touch-screen computers, telephones, radios, personal digital 

assistants, etc. may be used to send text messages that control the irrigation system devices. 

Users of the present invention are not restricted to using a particular brand or type of remote 

device. More importantly, once software with the messaging control of the present invention is 

installed on their remote devices, they need not change or upgrade the software to continue 

communicating with equipment located at a golf course, a ski resort, etc. Because the present 

invention is based on Internet technology, a remote device equipped with a web browser and 

messaging control may be used to control the devices of an environment maintenance system. 
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Another benefit of the text messaging feature of the present invention is that the system devices 
may change or new ones may be added without requiring changes to the client or user interface 
software at the remote device. A user of the present invention may simply send to the device a 
new or different message using the existing client or user interface software. As a result, 
upgrading and updating systems may be accomplished very easily by simply adding the new or 
modified device to the network. The present invention is suitable for use in recreational outdoor 
areas such as golf courses and ski resorts and is suitable for use in other outdoor areas where 
control of grounds is important. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of an architecture for an exemplary irrigation system for 
a preferred embodiment of the present invention; 

Figure 2 is a screen shot of a messaging control property screen for a preferred 
embodiment of the present invention; 

Figure 3 is a screen shot of a messaging terminal screen for a preferred embodiment of 
the present invention; 

Figure 4 is a screen shot of a send message screen and a screen shot of a receive message 
screen for a preferred embodiment of the present invention; 

Figures 5 and 6 are screen shots for a site manager component for a preferred 
embodiment of the present invention; 

Figure 7 is a screen shot for a station controller component for a preferred embodiment of 
the present invention; 



Figure 8 is a screen shot of a control component for a preferred embodiment of the 
present invention; and 

Figure 9 is a screen shot of a messaging control referenced from within a web page for a 
preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT^ 

The present invention is a system and method for monitoring and managing environment 

maintenance equipment based on an open, client-server architecture that takes advantage of 

^ Internet technologies. In a preferred embodiment of the present invention, distributed, custom 

So controls handle interactions with the devices that comprise the system. These controls may be 

fjl used to create an application or may be referenced from within HTML pages to create custom 

"4 web browser interfaces to various devices. The devices that may be controlled include weather 

stations, mowing machines, irrigation systems, and pumpstations as may be used on a golf 

Li course. The devices that may be controlled also include chair and surface lifts, grooming 

Q5 vehicles, weather stations, lift ticket sales and tracking systems, snowmaking machines, water 

supply, and sewage systems as may be used at a ski resort. Any device that supports 

maintenance of an outdoor environment may be controlled in accordance with the Internet based 

client-server architecture of the present invention. Controlling operations may include receiving 

data from a device and sending commands to a device. In many cases, commands are issued to 

20 devices in response to data received from devices. This bi-directional communication allows for 

fine-tuning of equipment to meet changing outdoor conditions, failures in equipment, etc. 

Referring to Fig. 1 , a preferred embodiment of the present invention for a golf course 

application is shown. It is understood that the golf course application is merely exemplary. As 
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shown in Fig. 1, various types of devices used for maintenance of a golf course may be supported 
using the present invention. An irrigation system 74, a pumpstation 68, and a weather station 46 
may be controlled using the system and method of the present invention. As further shown in 
Fig. 1, each device or set of devices that comprise the system has an interface control server that 
controls the individual device or set of devices. Irrigation system 74 has an irrigation interface 
control server 72, pumpstation 68 has a station interface control server 66, and weather station 44 
has a weather station interface control server 46. Other device/service servers 24 may be 
controlled using the present invention. As shown in Fig. 1, the connections between the servers 
and stations or systems are physical, serial port connections. For example, the connection 84 
between the irrigation system 74 and irrigation interface control server 72 may be one or more 
serial port connections. The station interface control server 66 and pumpstation 68 as well as 
weather station interface control server 44 and weather station 46 also connect through a serial 
port. 

The various servers (irrigation interface control server 72, station interface control server 
66, weather station interface control server 44 and other servers 24) and therefore, connected 
devices (irrigation system 74, pumpstation 68, weather station 46) may be controlled through one 
client or user interface. As shown in Fig. 1, a user interface or client may be operational in 
different domains. For example, a worldwide web (WWW) domain 10, a local area network 
(LAN) domain 30, and a PC domain 50, may be supported. A PC domain user interface 52 may 
operate at the PC domain 50, a LAN domain user interface 36 may operate at the LAN domain 
30, and a WWW domain user interface 16 may operate at the WWW domain 10. As also shown 
in Fig. 1, the user interfaces may be applications 52, 36 or browser interfaces 16. Any 



combination of user interface applications and browsers may be used in a system in accordance 
with the present invention. 

Preferably, system control and data acquisition (SCAD A) controls at each user interface 
54, 38, 18 (whether an application 52, 36 or a browser 16), are used to interact with the interface 
5 control servers 72, 66, 44, 24. Each SCADA control may be used to set certain values or 
parameters for a device or to acquire data for further analysis. For example, a SCADA control 
54 in the PC domain 50 may be used for interfacing to the irrigation interface control server 72, 
station interface control server 66, or weather station interface control server 46. As shown in 
Fig. 1, messaging controls at the user interface clients and the interface control servers support 
{Ao interfacing between remote devices and the maintenance devices of the system which may be 
m distributed throughout the domains. At the user interface 52 in the PC domain 50, a messaging 
N control 56 supports communications with other messaging controls. For example, messaging 
L control 56 may be used for communications with the messaging control 70 of the irrigation 
12 interface control server 72 , the messaging control 64 of the station interface control server 66, 
QL5 and a messaging control 40 associated with the user interface 36 of the LAN domain 30. A 
messaging control may communicate with any other messaging control in the system. Therefore, 
a messaging control 56 in the user interface 52 of the PC domain 50 may communicate with a 
messaging control 42 of a weather station interface control server 44 in the LAN domain through 
a messaging control 64 at a station interface control server 66. Commands for controlling each 
20 of the equipment maintenance devices may be sent from user interface clients to interface control 
servers using the messaging controls at the clients and servers. 

Preferably, a site manager is present in each domain to serve as an address directory so 
that the various messaging controls can find each other. As shown for the embodiment of the 



present invention in Fig. 1, the WWW domain 10 has a site manager 12, the LAN domain has a 
site manager 32, and the PC domain 50 has a site manager 60. A messaging control is associated 
with each of the site managers in the domains. As shown in Fig. 1, the site manager 60 in the PC 
domain 50 has a messaging control 62, the site manager 32 in the LAN domain 30 has a 
5 messaging control 34, and the site manager 12 in the WWW domain 10 has a messaging control 
14. 

Text messages may be exchanged between the various messaging controls 56, 62, 64, 70 
34, 40, 42, 14, 20, 22 to accomplish communications with or commands to the environment 
w maintenance devices. For example, a text message 80 may be exchanged between the messaging 
JtfO control 56 of the user interface 52 in the PC domain 50 and the messaging control 70 of the 
S irrigation interface control server 72 to control an aspect of the irrigation system 74. Although 
^ text messages are used between messaging controls, communications between the messaging 
L control 70 and the irrigation interface control server 72 may be accomplished using known 
|I interprocess calls/events techniques 82. Similar interprocess calls/events techniques may be used 
1:15 for communications between the messaging controls 70, 42 and interface controls servers 72, 44 
for the irrigation system 74 and the weather station 46. 

The embodiment of Fig. 1 is merely representative of the types of environment 
maintenance system configurations that may be supported using the present invention. It is 
understood that the irrigation interface control server 72, station interface control server 66, 
20 weather station interface control server 44, and other device/service servers 24 may each be 
located in a different domain. Furthermore, interface control servers may be added to or 
removed from a particular system configuration. Because the present invention relies on 
messaging controls and text messages for communications in accordance with Internet standards, 



the number of possible system configurations is not limited in any way. Servers that are adapted 
to communicate in accordance with messaging controls may receive requests and respond by 
communicating commands to the specific devices that they control. Environment maintenance 
equipment that operates in accordance with varied and incompatible protocols and that may be 
5 provided by different vendors may still be controlled through the present invention. 

The toolkit of the present invention is based on controls that allow the interfacing 
between external software systems that may be used to operate devices on, for example, an 
irrigation system, a pumpstation, or a weather station. Preferably, the toolkit is a collection of 
custom (Active-X/OCX) controls that handle the various station SCADA interactions between 
fjo devices. In a preferred embodiment of the present invention, a messaging control integrated 
ff| directly into an interface control server or a client handles the inter-software communications 
H using sockets. Preferably, the controls are compatible with the Windows 95, 98, and NT 
L operating systems. 

[7 The controls of the present invention may be used to create an application or may be 

CIS referenced from within HTML pages, preferably, using Javascript to create custom web browser 
interfaces. The various SCADA controls 54, 38, 18 communicate with each other using common 
messaging controls. The messaging controls send and receive asynchronous text messages via 
the web standard TCP/IP protocol. Messaging over direct or dial-up serial port connections (as 
may be required for specific equipment) may be handled via a separate COMM to TCP/IP 
20 routing control. 

Preferably, the messaging controls 56, 62, 64, 70, 34, 40, 42, 14, 20, 22 encrypt text 

messages before sending and decrypt them upon receipt. Also, a username and password may be 

a part of the various text messages sent between messaging controls to prevent unauthorized 
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access. These security features provide assurance that only authorized users are controlling 
equipment from distant locations. 

In a preferred embodiment of the present invention, the message controls function like a 
mailbox. A message control sends text messages to destination addresses as well as queues 
5 incoming messages. The message controls support bi-directional communications so that 
information may be retrieved from devices as well as sent to devices. Messages may be any text 
string of up to 4K characters in size. Preferably, clients and servers wishing to communicate in 
accordance with the messaging controls agree upon a query/response syntax. Listings of sample 
^ commands/syntax for a pumpstation site manager and a pumpstation controller are provided in 
Mo Appendices A and B. A listing of sample commands/syntax for a weather station is provided in 
gn Appendix C. 

M A particular query or request message may require additional text or parameters such as a 

L security token generated from UserAPassword information. Preferably, a standard delimiter used 

by the various messages. For example, the pipe "|" symbol may be used as a standard delimiter. 
C15 To help a client match a particular response to an original request, a standard parameter 

that may be used for most messages is a message identifier tag. The request's 'mid=' tag may be 

given a unique value which is returned in the response's c rid=' tag so that the two can be 

matched up. 

The following is a sample text message that may be used to request a pumpstation' s 
20 downstream pressure: 

FTXGET | name=DnStrm PSI | sec=2147483648 | mid=ml056 
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If the station interface control server receiving this message validates the security token 
(*sec=') value, it may respond with a text message containing "FTXSUCCESS" and the PSI 
value: 

FTXSUCCESS | value=120 | rid=ml056 

If a message identifier is not used, the response message, preferably, contains the original 

request text for identification purposes. 

FTXGET | reg=N21:0 | user=developer | pwd==pumplog2000 
FTXSUCCESS | value=120 

If the security information is invalid (or the request fails for some other reason), a 
"FTXF AILED" message may be returned with a comment. For example, the following message 
may be returned: 

FTXF AILED | comment-Not Authorized for the Message Type 

Preferably, the various message fields need not be in any particular order and any 
additional tags or values that are not part of a request's normal syntax are simply treated as 
comments and are ignored. 

If a particular message contains no recognizable request, the message may be ignored 
completely although a response message, which contains the original message for identification 
reasons, may still be sent. For example, if the request is as follows: 

What time is it? 

FTXUNKNOWN | comment=Message is of unknown type... 

Referring to Fig. 2, a screen shot of a messaging control properties screen for a preferred 
embodiment of the present invention is shown. Preferably, the messaging control has the 
following properties and methods. 
Properties: 
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HostAddress - (Read Only) String listing the default TCP/IP address for the host machine 

IsMessaging - (Read Only) Boolean which indicates if the control is currently messaging (i.e., the 
StartMessagesO method has been called). 

ListenAddress - String giving the address to listen for incoming TCP/IP messages on. This is left 
selectable vs. set automatically to HostAddress because a host may have multiple LAN cards (and 
thus multiple TCP/IP addresses). 

ListenPort - Number giving the port to listen for mcoming TCP/IP messages on. The following are valid 
values: 

0 - Selects any available port 

1 through 5000 - Considered "reserved" for "standard" TCP/IP protocols (e.g. FTP, HTTP, etc.) 
5001 through 65534 - Typical port number range for the messaging controls 

65535 - Don't listen for incoming messages. . . (Control will still send messages) 

LogFilename - String giving text file name to receive logging of select control activity (for debugging 
purposes). Leave the filename blank to disable logging. 

LogLevel - Number stating the types of activity to log: 

0 - Logs errors, warnings, and trace information 

1 - Logs errors and warnings 

2 - Logs errors only 

Message - String (of up to 4096 characters) which represents the current mcoming/outgoing message. 

MsgAddress - String listing the TCP/IP address of the current incorning/outgoing message. If the 
message is outgoing, this is the "send to" address. If the message is incoming, this is the "sent 
from" address. 

MsgPort - Number listing the TCP/IP port of the current mcoming/outgoing message. If the message is 
outgoing, this is the "send to" port. If the message is mcoming, this is the "sent from" port. 

RecvMsgCount - (Read Only) Number of received messages that are currently in the FIFO queue 
(retrieve each by calling RecvMessage() method). 

Methods: 

FindCRC(someString) - Takes someString and computes a corresponding CRC-32 value and returns the 
resulting (long) number. Use this method to build security token (sec=) values for messages from 
the concatenation of 'user^' + 4 pwd=' string values. 

StartMessagesO - Starts the control messaging using the current Listen Address: Port and logging settings. 
If successful, method returns TRUE, otherwise FALSE (and sets the IsMessaging property 
accordingly). 

StopMessages() - Stops the control messaging (closes logging, flushes remaining queued incoming 
messages, and sets the IsMessaging property to FALSE). After stopping, new Listen Address: 
Port or logging settings can be specified and messaging restarted 

OpenMessages() - Call to gain ownership of control (for synchronizing access from multiple threads). 
The call blocks if another thread has already called OpenMessages() and has not yet released 
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control via CloseMessages(). If not successful (e.g. messaging not started), method returns 
FALSE, otherwise TRUE. 

CloseMessages() - Call to release ownership of the control (for synchronizing access from multiple 
5 threads). Try to release the control as soon as possible to allow maximum usage. If not successful 

(e.g. messaging not started), method returns FALSE, otherwise TRUE. 

SendMessage() - Sends the text in the Message property to the control listening at the given Msg Address: 
MsgPort. If not successful (e.g. messaging not started or destination control not available), 
1 0 method returns FALSE, otherwise TRUE. 

RecvMessage() - Retrieves the next incoming message from the control's incoming message queue and 
places the text into the Message property and the sender's address into the MsgAddress & 
MsgPort properties. The control automatically receives and queues incoming messages until this 
15 call retrieves them in FIFO order (or until memory is exhausted). If not successful (e.g. 

messaging not started or no queued messages), method returns FALSE, otherwise TRUE. 

Referring to Fig. 3, preferably, a messaging terminal tool is provided to allow manual 
f n messaging for development testing, debugging, etc. Referring to Fig. 3, the Listen Address field 
y|0 may be filled automatically with a host's IP address. A user may choose an unused port number 
Cm and click "Start Messaging" to turn on communications. 

Referring to Fig. 4, screens for sending and receiving messages are shown. To send a 
h message, in the send message screen 100, a user may enter a destination address and port as well 
M* as a desired message text. When ready, the user may click a Send Message button 102 to send 
t|>5 the message. 

To receive a message, in the receive message screen 104, a user may click the Receive 
Message button 106 to retrieve the next queued (FIFO) message. Preferably, the port and 
address fields are updated to show who sent the message. 

In a preferred embodiment of the present invention, a site manager is a directory service 
30 that allows sites to register their addresses so that other sites can find them and communicate, 
preferably via messaging controls. Referring to Fig. 5, a screen shot of a site manager user 
interface for a preferred embodiment of the present invention is shown. To use the site manager, 
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a user may name a site (e.g., My Test Site Manager) and enter or select an identification Type 
(e.g., FTX Site Manager). Next, the user may specify a unique port to use for the site manager. 
The user may also specify the addresses of other site managers to register this manager. A user 
may start communications with other site managers by clicking a Start Messaging button to 
begin communications. A Stop Messaging button may be selected to close communications. 

Referring to Fig. 6, a screen shot of a screen for sending text messages to other messaging 
controls is shown. As shown in Fig. 6, the main window reflects the site name and there is a new 
entry in the Site Manager (for itself). The site manager is now ready to accept client requests for 
registering and looking up site addresses. Appendix A has a listing of exemplary commands and 
syntax for a pumpstation. 

The present invention may be used to control many devices. For example, the present 

invention may be used to control a pumpstation. A station controller for a pumpstation is a 

component and related service that handles reading and writing information directly to a 

pumpstation. Referring to Fig. 7, a screen shot of a station controller interface for a preferred 

embodiment of the present invention is shown. To use the station controller, a user may name a 

station controller (e.g., My Test Station Controller) and enter or select an identification type (e.g., 

FTX Station Controller). Next, the user may specify a unique port to use for the station 

controller. The user may also specify the addresses of a site manager to register the station 

controller with a site manager. A user may start communications with other site managers by 

clicking a Start Messaging button to begin communications. A Stop Messaging button may be 

selected to close communications. Text messages may be entered in a separate window that 

reflects the site name. The station controller may then accept client requests for registering and 

looking up messaging control addresses. A listing of example commands and syntax for a 
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pumpstation controller is provided in Appendix B. Other devices that comprise an environment 
maintenance system may be added in a similar manner. For example, irrigation systems, weather 
stations, mowing machines, snowmaking machines, grooming vehicles, etc. may be added to a 
system. 

5 In a preferred embodiment of the present invention, ActiveX controls are used to 

implement the SCADA and messaging controls of the present invention. Microsoft's Visual 
Basic may be used to develop the controls. Referring to Fig. 8, a screen shot of a control 
component for a preferred embodiment of the present invention is shown. After the control is 
OT installed on a developer's workstation, it may be used from Visual Basic by adding it to the 
[Bo component toolbar by checking/enabling the listed example "FTXMsg ActiveX Control module" 
S as shown in Fig, 8. Controls may be added for each device that comprises an environment 
^ maintenance system. 

!L Referring to Fig. 9, a screen shot is shown for a simple Visual Basic project that uses the 

Li example FTXMsg control to retrieve the downstream PSI from a pumpstation controller running 
Q5 on the same host machine which is listening on TCP/IP port 5001. The messaging control (and 
other pumpstation SCADA controls) may also be referenced from within DHTML web pages to 
create customizable browser interfaces, for example, using Internet Explorer or Netscape 
w/ ActiveX plug-ins. 

When applied to a golf course application, the present invention may be used as follows. 

20 A golf course superintendent uses a lot of different equipment to accomplish his or her job. 

Examples of the equipment that may be used include a weather station, an irrigation system, a 

pumpstation, and mowing equipment. The ability to rapidly gather information from this 

equipment and make decisions based on this input is a key to the superintendent's success. 
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Throughout the day, the superintendent may be in his office, on the golf course, at home, or on 
the road. Therefore, the ability to seamlessly communicate with his course provides him or her 
with a powerful tool 

Following are some examples of items that might typically be monitored and/or changed, 
5 wherever the superintendent is located. It is not meant as an exhaustive list, but simply as a 
typical list. 

Weather - the superintendent may need to monitor wind speed, direction, temperature, 
and relative humidity in order to make decisions regarding settings for other pieces of equipment. 
Mowing Equipment (GPS equipped) - the superintendent may need to know where the 
JlO mowers are located on the golf course and who is working on the course. 

S Irrigation system - the superintendent may need to know whether the irrigation system is 

M running. He or she may further need to know what the theoretical flow is and which irrigation 
L program is running. In response to the information the superintendent receives, he or she may 
12 manually syringe greens or initiate (or stop) an irrigation program to be certain that the course is 
O 5 not harmed by any particular action. 

Pumpstation - the superintendent may need to monitor pressure, flow, and alarms (low 
pressure, high pressure, pump fault, VFD fault). The superintendent may further need to know 
how much water was pumped during a particular time period. The superintendent may review 
pump run hours and review flow and pressure history to see if there is any erratic flow, pressure, 
20 or pump cycling scenarios that could indicate a problem. The superintendent may also need to 
modify setpoint pressure, modify lockout times and days, enable furtigation as well as set up 
times for fertigation. 
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Pumpstation Diagnostics - the superintendent may also need remote diagnostics of 
pumpstation by factory service or technician. Through a web-based interface in accordance with 
the present invention, the superintendent, factory technician, and local technician may view the 
pumpstation diagnostics simultaneously and troubleshoot the problem. The pumpstation may be 
fine-tuned, including tuning the PID, start/stop parameters, and pump sequencing tables. 

The present invention may assist a superintendent in accomplishing all of the above tasks. 
The ability to add and remove devices to an existing system without modifications to client or 
user interface software containing a messaging control allows a superintendent to quickly and 
easily monitor and manage environment maintenance equipment. 

When applied to a ski resort application, the present invention may be used as follows. 
The ski industry is an equipment intensive business with substantial capitol investment required 
for the basic infrastructure of the average resort. This infrastructure may include some or all of 
the following categories: 

chair lifts and surface lifts with logic based control and alarm systems; 

grooming vehicles with GPS based tracking and computer controlled snow coverage 
management; 

multiple weather stations with centralized recording and reporting; 
computer managed lift ticket sales and tracking systems; 

snowmaking pump and control systems with logic based control systems and centralized 

recording and reporting; 

domestic water supply and sewage systems with logic based control systems; and 

golf course irrigation systems with logic based control systems and centralized recording 

and reporting. 
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It is important for ski resort personnel to monitor and manage this equipment so the ski 
resort can continue to operate. The present invention allows ski area managers to receive the 
data they need. As these systems have become larger and more complex, it is important for ski 
area managers to receive a constant stream of real-time data from all this equipment so that they 
may effectively manage the resort. The present invention allows the managers to receive the data 
quickly so that decisions can be made earlier and more efficiently for such matters as the night 
grooming and snowmaking schedule if the skier traffic is up that morning. In another aspect, 
weather problems can be detected more quickly and problems with lifts can be responded to 
more efficiently. The present invention provides the capability to seamlessly interface 
management with these systems that use various protocols and hardware for the purpose of real 
time monitoring. The equipment of the ski resort may be interfaced to messaging controls in 
accordance with the present invention so that the operator is provided with multiple choices of 
how he or she would like to view and manipulate the data. For example, lifts, snow grooming, 
ticket sales, snowmaking and weather stations may be connected to messaging controls so an 
operator may view the data on a modem PC, LAN PC, laptop computer, personal digital 
assistant, or any PC with Internet access. 

The present invention supports the development and expansion of environment 

maintenance systems that may be comprised of many pieces of equipment. By providing a 

messaging control for device communications, it is possible for various devices of an 

environment maintenance system (e.g., irrigation system, pumpstation, weather station, 

snowmaking machine, grooming vehicle, etc.) to easily interact using text messages. SCADA 

controls allow for reading and writing values for various settings and parameters on each device. 

Messaging controls facilitate the communications between the SCADA controls and the devices 

19 



through interface control servers that provide direct communications (e.g., through physical 
device connections) with the various devices that may comprise a system. Messaging controls 
may further communicate with SCADA controls and interface server controls using interprocess 
calls/events. Site managers provide directory services so that the messaging controls distributed 
throughout a system may communicate. Using the present invention, remote clients or user 
interfaces may be used to control devices that may be distributed throughout different domains. 

The preferred embodiments herein disclosed are not intended to be exhaustive or to 
unnecessarily limit the scope of the invention. The preferred embodiments were chosen and 
described in order to explain the principles of the present invention so that others skilled in the 
art may practice the invention. Although the examples provided herein relate to control of 
environments in recreational areas, the present invention may be used for control of any outdoor 
environment. Having shown and described preferred embodiments of the present invention, 
those skilled in the art will realize that many variations and modifications may be made to affect 
the described invention. Many of those variations and modifications will provide the same result 
and fall within the spirit of the claimed invention. 
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Appendix A 

Example Site Manager Control Messages for a Pumpstation 



The following is a general hello message used by a pumpstation site manager to "ping" 
other sites in order to determine their current availability. 
Request: FTXHELLO [ | mid- {message id} ] 

Response: FTXSUCCESS | name- {site name} | type= {site type} [ | rid- {message id} ] 

Where: {site name} - text description of this site (e.g. "My Test Site Manager") 

{site type} = text identifying type of site (e.g. "FTX Site Manager") 
{message id} = [optional] message identification tag 

The following is the message may be used to register a site with a site manager. If a 
matching site (same name= & type=) is not found, the site is added (further entry modifications 
for this site may require matching security info). If the site is found and the provided security 
information matches, the old entry will be replaced with the new information. 

Request: FTXREGSITE | name- {site name} | type- {site type} | 

addr= glisten address} | port- {listen port} | 
sec- {security info} [ | mid- {message id} ] 

Response: FTXSUCCESS [ | rid= {message id} ] 

FTXF AILED | comment- {failure reason} [ | rid- {message id} ] 



Where: {site name} - text description of this site (e.g. "My Test Site Manager") 

{site type} - text identifying type of site (e.g. "FTX Site Manager") 
{listen address} - TCP/IP address that the site is listening for messages on 
{listen port} - TCP/IP port that the site is listening for messages on 
{security info} = one of the following formats, 

user- {user name} | pwd= {user password} 
sec= {CRC-32 of {user name} + {user password}} 
{message id} = [optional] message identification tag 
{failure reason} - one of, 

"Site Manager cannot handle any more connections" 

"Request does not contain all required tags ('name- , 'addr-\ and 'port-')'' 

"Not Authorized for the Message Type" 
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The following is the message may be used to unregister a site with a site manager. If a 
matching site is found (same name= & type=) and the provided security info matches, the entry 
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is removed. 
Request: 

Response: 



FTXUNREGSITE | name- {site name} | type- {site type} | 
sec= {security info} [ | mid= {message id} ] 

FTXSUCCESS [ | rid= {message id} ] 

FTXF AILED | comment- {failure reason} [ | rid- {message id} ] 



Where: {site name} = text description of this site (e.g. "My Test Site Manager") 

{site type} = text identifying type of site (e.g. "FTX Site Manager") 
{security info} = one of the following formats, 

user- {user name} | pwd- {user password} 

see- {CRC-32 of {user name} + {user password} } 
{message id} = [optional] message identification tag 
{failure reason} - one of, 

"Request does not contain all required tags ('name-, 'addr-', and 'port-')" 

"Not Authorized for the Message Type" 

The following is the message may be used to request a list of all available registered sites' 
information. Sites that provide qualifying security information may be returned in the list. 
Request: FTXLISTREGSITE | sec- {security info} [ | mid- {message id} ] 

Response: FTXSUCCESS {site information} [ | rid- {message id} ] 

FTXF AILED | comment- {failure reason} [ | rid- {message id} ] 



Where: 



{site information} = one or more lines of the following format, 

name- {site name} | type- {site type} | addr- {listen address} | port- {listen port} 
{site name} = text description of the site (e.g. "My Test Site Manager") 
{site type} = text identifying type of site (e.g. "FTX Site Manager") 
{listen address} = TCP/IP address that the site is listening for messages on 
{listen port} - TCP/IP port that the site is listening for messages on 

{security info} - one of the following formats, 

user- {user name} | pwd- {user password} 

sec- {CRC-32 of {user name} + {user password}} 

{message id} = [optional] message identification tag 

{failure reason} = one of, 

"Request does not contain all required tags ('name-, 'addr=', and 'port-')" 
"Not Authorized for the Message Type" 
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The following message may be used to request (by name and type) the address of a 
specific site. If the provided security information qualifies, the sites' address info is returned. 
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Request: FTXGETSITE | name= {site name} | type= {site type} | 

sec= {security info} [ | mid= {message id} ] 

Response: FTXSUCCESS | name= {site name} | type= {site type} | 

addr= {listen address} | port= {listen port} [ | rid= {message id} ] 

FTXF AILED | comment- {failure reason} [ | rid= {message id} ] 

Where: {site name} = text description of the site (e.g. "My Test Site Manager") 

{site type} = text identifying type of site (e.g. "FTX Site Manager") 
{listen address} = TCP/IP address that the site is listening for messages on 
{listen port} = TCP/IP port that the site is listening for messages on 
{security info} = one of the following formats, 

user= {user name} | pwd= {user password} 

sec= {CRC-32 of {user name} + {user password} } 
{message id} = [optional] message identification tag 
{failure reason} = one of, 

"Request does not contain all required tags ('name- , 'addr=', and 'port-')" 

"Not Authorized for the Message Type" 
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Appendix B 

Example Pumpstation Interface Control Messages 
The following is a general hello message that may be used by a pumpstation site manager 
5 to "ping" sites in order to determine their current availability. 
Request: FTXHELLO [ | mid= {message id} ] 

Response: FTXSUCCESS | name= {site name} | type= {site type} [ | rid= {message id} ] 

1 0 Where: {site name} = text description of this site (e.g. "My Test Station Controller") 

{site type} = text identifying type of site (e.g. "FTX Station Controller") 
{message id} = message identification tag 



1 5 The following is the message may be used to request a register value from a station 

5 controller. If the security information qualifies for Read access, the value is returned. 

%1 Request: FTXGET | name= {reg key} | sec= {security info} [ | mid= {message id} ] 

H; FTXGET | reg= {reg name} | sec= {security info} [ | mid- {message id} ] 

Pio 

J Response: FTXSUCCESS | value= {reg value} [ | rid= {message id} ] 

FTXF AILED | commen1= {failure reason} [ | rid= {message id} ] 

Fi5 Where: {reg key} = key name for the desired station information (see table below) 

{reg name} = key name for the desired station information (see table below) 

%J {reg value} = value for the given register 

O {security info} - one of the following formats, 

r% user= {user name} | pwd= {user password} 

~30 sec= {CRC-32 of {user name} + {user password} } 

{message id} = [optional] message identification tag 
{failure reason} = one of, 

"Missing or invalid Register" 

"Not Authorized for the Message Type" 

35 

The following message may be used to set a register value in a station controller. If the 
security information qualifies for Write access, the value is written. 

Request: FTXSET | name= {reg key} | value= {reg value} | sec= {security info} [ | mid= {message id} ] 

40 FTXSET | reg= {reg name} | value= {reg value} | sec= {security info} [ | mid- {message id} ] 

Response: FTXSUCCESS | value= {reg value} [ | rid- {message id} ] 

FTXF AILED | comment- {failure reason} [ | rid= {message id} ] 
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Where: {reg key} ~ key name for the desired station information (see table below) 

{reg name} = key name for the desired station information (see table below) 
{reg value} = value for the given register 
{security info} = one of the following formats, 

user= {user name} | pwd= {user password} 

sec= {CRC-32 of {user name} + {user password}} 
{message id} = [optional] message identification tag 
{failure reason} = one of, 

"Invalid Register Specified" 

"Missing Register or Value" 

"Not Authorized for the Message Type" 



The following table lists example station register keys, names, and descriptions for the 
FTXGET and FTXSET commands. 



Reg Name 


Reg Key 


Reg Description 


N7:190 


Floating Setpnt 


Floating Setpoint for PID 


N21:0 


CURRENT SETPT 


Current Pressure Setpoint 


N7:0 


Zoid Msg # 


Zoid MTR 


N7:2 


PLC_Seconds 


seconds - PLC Time 


N7:3 


PLC_Minutes 


Minutes - PLC Time 


N7:4 


PLCHours 


Hours - PLC Time 


N7:5 


PLC_DyOfWeek 


Day of Week - PLC Time 


N7:6 


PLC_Month 


Month - PLC Time 


N7:7 


PLC_Date 


Date - PLC Time 


N7:60 


RecordPeriod 


Seconds Between Records (10-150) 


N7:140 


LO#l START 


Start Time for Lockout Period 1 


N7:141 


LO#l END 


Stop Time for Lockout Period 1 


N7:142 


LO#2 START 


Start Time for Lockout Period 2 


N7:143 


LO#2 END 


Stop Time for Lockout Period 2 


N7:130 


Sun LO Code 


Sunday Lockout Enable 


N7:131 


Mon LO Code 


Monday Lockout Enable 


N7:132 


Tue LO Code 


Tuesday Lockout Enable 


N7:133 


Wed LO Code 


Wednesday Lockout Enable 


N7:134 


Thu LO Code 


Thursday Lockout Enable 


N7:135 


Fri LO Code 


Friday Lockout Enable 


N7:136 


Sat LO Code 


Saturday Lockout Enable 


N10:0 


DnStrm PSI 


Downstream psi 


N10:l 


UpStrmPSI 


Upstream psi 


N10:2 


Flow GPM 


Flow 


N10:5 


flowrate2 


Process Data - Channel 5 


N10:8 


motorrpm 


Motor Speed 


N20:0 


NORM SETPT 


Normal Pressure Setpoint 


N20:l 


Z 1 MaxComboNrml 


Max Combo/VFD Pumps Normal 


N20:2 


ZlPmpsNrml 


Zone 1 Pumps 


N20:3 


LO#l SETPT 


Setpoint Lockout Period 1 
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N20:4 



MAX CmboLl 



Max Combo/VFD Pumps Lockout Period 1 



N20:5 



LO#2 SETPT 



Setpoint Lockout Period 2 



N20:6 



MAX Cmbo L2 



Max Combo/VFD Pumps Lockout Period 2 



N21:2 



N21:3 



ZlRunTmPmpCtrl2 



Pump Control Word 



PBS IstStrt 



Pressure Below Setpoint to Start Combo 1 



N21:4 



SEC IstStrt 



Delay time to start Combo 1 



N21:5 



PAS IstStop 



Pressure Above Setpoint to Stop Combo 1 



N21:6 



SEC IstStop 



Delay time to Stop Combo 1 



N21;7 



PBS 2ndStrt 



Pressure Below Setpoint to Start Combo 2 



N21:8 



SEC 2ndStrt 



Delay time to start Combo 2 



N21:9 



PAS 2ndStop 



Pressure Above Setpoint to Stop Combo 2 



N21:10 



SEC 2ndStop 



Delay time to Stop Combo 2 



N21:ll 



PBS 3rdStrt 



Pressure Below Setpoint to Start Combo 3 



N21:12 



SEC 3rdStrt 



Delay time to start Combo 3 



N21:13 



PAS 3rdStop 



Pressure Above Setpoint to Stop Combo 3 



N21:14 



SEC 3rdStop 



Delay time to Stop Combo 3 



N21:15 



Ovr P Setpt 



Overpressure Accumulator Trip Setpoint 



N21:16 



DPDT Hold 



DP/DT for Start Inhibit 



N21:21 



Combo Now 



Current Running Combo 



B74:0 



StationFaults 



Station Faults Word 



B74:4 



pumpFaults 



Pump Faults Word 



B74:9 



conFeedBack 



Contactor Feedback Word 



B74:13 



systemSwitch 



System Switch settings 



B3:2 



METRIC UNITS SELECT 



Selects Metric Units kPa and . lM 3 /h 
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Appendix C 
Example Weather Station Control Messages 

The following is a general hello message used by that may be used by a pumpstation site 

manager to "ping" other sites in order to determine their current availability. 

FTXHELLO [ | mid= {message id} ] 

FTXSUCCESS | name= {site name} | type= {site type} [ | rid= {message id} ] 



Request: 
Response: 
Where: 



{site name} = text description of this site (e.g. "North Side News Station") 
{site type} = text identifying type of site (e.g. "Weather Station") 
{message id} = message identification tag 



The following command may be used to request information from a weather station. If 
the provided security information qualifies, the station data is returned. 
Request: WSTAGET | name= {wstation data name} | {security info} [ | mid= {message id} ] 

Response: WSTASUCCESS | value= {data value} [ | rid= {message id} ] 

WSTAF AILED | comment= {failure reason} [ | rid= {message id} ] 



Where: 



{failure reason} = description of why the request failed 
{message id} = message identification tag 
{data value} = current value for the requested data 
{security info} = one of the following formats, 

user= {user name} | pwd= {user password} 
sec= {CRC-32 of {user name} + {user password} } 
{wstation data name} = one of the following values 



Data Name 


Data Description 


Units 


Units 


Temp 


Temperature 


RelHum 


Relative Humidity 


SolarRad 


Solar Radiation 


WindSp 


Wind Speed 


WindDir 


Wind Direction 


Rainl 


Rainl 


Rain24 


Rain24 


Time 


Current Time 


BarPres 


Barometric Pressure 


ET 


Evapotranspiration (ET) 


PanEvap 


Pan Evaporation 


SoilMoist 


Soil Moisture (tension) 


SoilTemp 


Soil Temperature 


LStrikes 


Lightning Strikes 
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WHATtfS CLAIMED IS: 

1. / A system for controlling environment maintenance equipment comprising: 
' a plurality of interface control servers for controlling environment maintenance 

devices; 

a client for communicating with said interface control servers; and 

a messaging control at said client and at each of said plurality of interface control 

servers for exchanging messages between said client and each of said plurality of interface 

control servers. 

2 The system of claim 1 wherein environment maintenance devices are selected from the 
group consisting of irrigation sprinklers and controllers, weather stations, constant pressure 
pumpstations, compressor stations, water supply pumpstations, sewage controllers, snow 
guns and controllers, mowers, chair lifts, and snow grooming vehicles. 

3. The system of claim 1 wherein said client is operational at a device selected from the group 
consisting of personal computers, laptop computers, touch-screen computers, telephones, 
radios, and personal digital assistants. 

4. The system of claim 1 wherein messages exchanged between said client and each of said 
plurality of interface control servers are text messages. 

5. The system of claim 1 further comprising a system control and data acquisition control at 
said client for interacting with said interface control servers. 

6 The system of claim 1 wherein messages are exchanged between said messaging controls in 

accordance with TCP/IP protocol. 
7. The system of claim 1 further comprising a site manager for registering said messaging 
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controls. 

& The system of claim 1 wherein said client and said interface control server operate in 
different domains. 



9/ A method for controlling environment maintenance equipment comprising the steps of: 



connecting an interface control server to an environment maintenance device; 
installing a first message control at said interface control server; 
installing a second message control at a client; 
entering a message at said client; 

communicating said message from said client to said interface control server in 
accordance with said first message control and said second message control; and 

controlling said environment maintenance device at said interface control server in 
accordance with said message. 

10. The method of claim 9 wherein said environment maintenance device is selected from the 
group consisting of irrigation sprinklers and controllers, weather stations, constant pressure 
pumpstations, compressor stations, water supply pumpstations, sewage controllers, snow 
guns and controllers, mowers, chair lifts, and snow grooming vehicles. 

11. The method of claim 9 wherein said client is operational at a device selected from the group 
consisting of personal computers, laptop computers, touch-screen computers, telephones, 
radios, and personal digital assistants. 

12 The method of claim 9 wherein said message exchanged between said client and said 

interface control server is a text message. 
13. The method of claim 9 further comprising the step of installing a system control and data 




29 



acquisition control at said client for interacting with said interface control server. 

14. The method of claim 9 wherein said message is exchanged between said first and second 
messaging control in accordance with TCP/IP protocol. 

15. The method of claim 9 further comprising the step of registering said first and second 
message controls with a site manager. 

16. The method of claim 8 wherein said interface control server is in a first domain and said 
client is in a second domain. 



an interface control server adapted for communication with said environment 
maintenance device; 

a messaging control at said interface control server for receiving messages from a 
client; and 

a connection between said interface control server and said environment 
maintenance device, said connection adapted for communicating a command to said 
environment maintenance device in accordance with a message from said client. 

18. The apparatus of claim 17 wherein said environment maintenance device is selected from 
the group consisting of irrigation sprinklers and controllers, weather stations, constant 
pressure pumpstations, compressor stations, water supply pumpstations, sewage controllers, 
snow guns and controllers, mowers, chair lifts, and snow grooming vehicles. 

19. The apparatus of claim 17 wherein said message received at said interface control server is a 
text message. 

20. The apparatus of claim 17 wherein said message received at said interface control server is 




17/ An apparatus for controlling an environment maintenance device, comprising: 
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received in accordance with TCP/IP protocol. 
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ABSTRACT 

The present invention is a system and method, based on an open, client-server 
architecture, for monitoring and managing environment maintenance equipment. Distributed, 
custom controls handle interactions with the devices such as sprinklers, pumpstations, and 
weather stations that may comprise the environment maintenance system. Messaging controls at 
a client and an interface control server facilitate communications between devices using text 
messages that are delivered, preferably, using the TCP/IP protocol of the Internet. System 
control and data acquisition controls allow for reading and writing of values for various settings 
and parameters on each device. Site managers in different domains provide directory services so 
that the messaging controls distributed throughout a system may located for communications. 
Using the present invention, remote clients or user interfaces such as telephones, personal 
computers, and personal digital assistants may be used to control environment maintenance 
devices that may be distributed throughout different domains. 
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Prior Foreign Application 
Numberfs) 



Country 



Foreign Filing Date 
(MM/DD/YYYY) 



Priority 
Not Claimed 



Certified Copy Attached? 
lYESl [no] 



□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 



Z3 Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto: 



I hereby claim the benefit under 35 U.S C. 1 19(e) of any United States provisional applications) listed below, 



Application Number(s) 



Filing Date (MM/DD/YYYY) 



| | Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/02B attached hereto. 
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Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the 
individual case. Any comments on the amount of time you are required to complete this form should be sent to the Chief Information 
Officer Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231. 



Please type a plus sign (+) inside this box -» 



El 



PTO/SB/01 (12-97) 
Approved for use through 9/30/00 OMB 0651-0032 
Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains 
a valid OMB control number 



+ 



DECLARATION - Utility or Design Patent Application 



I hereby claim the benefit under 35 U.S.C 120 of any United States apphcation(s), or 365(c) of any PCT international application designating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 U.S C 11 2, 1 acknowledge the duty to disclose 
information which is material to patentability as defined in 37 CFR 1 56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application 



U.S. Parent Application or PCT Parent 
Number 



Parent Filing Date 
(MM/PD/YYYY) 



Parent Patent Number 

(if applicable) 



LJ Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto 



As a named inventor, I hereby appoint the following registered pra ctitionerfs) to prosecute this app lication and to tra nsact all business in the Paten : 



and Trademark Office connected therewith. Q customer Number 

OR 



I5?l Registered practitioner(s) name/registration number listed below 



Place Customer 
Number Bar Code 
I Rhei hero 



Registration 
Number 



Registration 
Number 



Jeffrey S. Standley 
Carol G. Stovsky 
Jeffrey C. Norris 
James L. Kvvak 



34,021 
42,171 
42,039 
41,133 



J Additional registered practittoner(s) named on supplemental Registered Practitioner Information she et PTO/SB/02C attached hereto 



Direct all correspondence to: Q Customer Number 

or Bar Code Label 



OR Kl Correspondence address below 



Name 



Address 



Standley & Gilcrest LLP 



JEFFREY S. STANDLEY 



Address 



495 Metro Place South, Suite 210 



City 



Dublin, 



State 



Ohio 



ZIP 



43017 



Country 



USA 



[Telephone 614-792-5555 



Fax 614-792-5536 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on "formation and belief are 
believed to be true- and further that these statements were made with the knowledge that willful false statements and the like so made are 
pumshable by fine oHmpnsonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. „^ mmmm 



Name of Sole or First Inventor: 



I I a petition has been filed for this unsigned inventor 



Given Name (first and middle (if any]) 



Family Name or Surname 



David E 



Kronk 



Inventor's 
Signature 



Date 



Residence: City 



Hilliard 



State 



Ohio 



Country 



USA 



Citizenship 



USA 



Post Office Address 



4891 Hawkstone Road 



Post Office Address 



City 



Hilliard 1 state jOhio 



ZIP 



43026 



Country |USA 



Kl Additional inventors are being named on the supplemental Additional inventor(s) sheet(s) PTO/SB/02A attached hereto 
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